We studied the incidence and type of side effects of minocycline in a doubleblind study. A total of 45 volunteers (18 men and 27 women) were given minocycline, and 44 volunteers (23 men and 21 women) were given placebo. The men in both the minocycline and placebo groups were significantly (P < 0.0001) larger than the women in the comparable groups. Minocycline dosage was 100 mg every 12 h for 5 days, and placebo was administered in an identical manner. Minocycline serum concentrations were determined in 12 volunteers at 1, 2, 4, and 6 h after the morning doses on days 1, 3, and 5 of the study. Side effects were recorded by volunteers in diaries and also through daily interviews and were evaluated by examination and electronystagmography. Peak minocycline serum concentrations were seen by day 3 and correlated with the peak onset of side effects. These concentrations were significantly higher in women than in men. Vestibular side effects occurred in 70.4% of the women on minocycline and significantly (P < 0.0001) exceeded the rate of the women on placebo (9.5%). Only loss of balance was significantly (P < 0.05) increased in the men taking minocycline as contrasted with men on placebo. Electronystagmography generally revealed no abnormalities. Side effects were usually not severe: four volunteers in the minocycline group and two in the placebo group discontinued their capsules because of side effects. It is concluded that women experience an unacceptably high incidence of side effects from minocycline, and this may be related to their higher serum concentrations, which in turn may relate to their smaller size.
Minocycline has been shown to be an effective drug for meningococcal prophylaxis (8) . Many recent reports, however, have indicated a high incidence of side effects from minocycline (3, 6, 10, 15) , and the Center for Disease Control now recommends rifampin for meningococcal prophylaxis (4). Recent studies showing a high incidence of side effects were, however, retrospective and not double blind. Therefore, this double-blind study was undertaken to document the frequency and character of side effects associated with minocycline.
MATERIALS AND METHODS Volunteers. A total of 89 healthy volunteers were selected after history, physical examination, white blood count, differential, hematocrit, urinalysis, and a negative pregnancy test. The volunteers consisted of students and university and hospital employees. Hematological tests and urinalyses were repeated at the conclusion of the study. Persons allergic to tetracycline, those taking antacids, or those who had a past history of vertigo or light-headedness were excluded from the study. A full disclosure consent form outlining all the possible side I Present address: 100 Wendell Ave., Pittsfield, MA 01201.
effects of the drug was signed by each volunteer. The study protocol and consent forms were reviewed and approved by the University of Vermont Human Experimentation Committee. Volunteers were randomly assigned into the placebo or the minocycline group in a double-blind fashion. The study utilized the out-patient facilities of the Clinical Research Center at the University of Vermont. The medications were supplied in identical packets for each volunteer indicating the order in which each capsule would be taken over the course of 5 days. The 45 volunteers in the minocycline group received 100-mg capsules at 8:00 a.m. and 8:00 p.m. for 5 consecutive days, and the 44 volunteers in the placebo group received placebo capsules in a similar manner.
Volunteers were seen once a day to evaluate side effects, but it was up to the volunteer to mention any problems, and only then were further questions asked concerning the complaint and related side effects. Used medication packets were turned in each day from the previous day. Volunteers were given recording sheets that divided the day into six hourly intervals to record the onset of side effects while at home. Side effects were scored for both duration and severity each day as follows. Duration: (i) symptoms lasting less than 2 min; (ii) symptoms lasting from 2 min to 1 h; (iii) symptoms lasting from 1 to 6 h; (iv) symptoms lasting for more than 6 h; and severity: (i) minimal, noticeable symptom, but no limitation of daily activity; (ii) mild, slight limitation of daily activity; (iii) moderate, definite limitation of daily activity, but still active; (iv) severe, limitation of activity to bed or chair.
The mean age ofboth the minocycline and placebo groups was 27 years, and ages ranged from 19 to 52 years in the minocycline group averaged for that ENG, and comparisons were then made between premedication, medication, and postmedication readings. All volunteers with significant abnormalities on ENG during the study period had repeat ENGs performed a minimum of 3 days after the last dose of medication. All ENGs were read before the drug code was broken. RESULTS Table 1 presents the incidence of side effects for men and women volunteers in the minocycline and placebo groups. With the exception of loss of balance (P < 0.05), the male subjects did not experience any significant increase in side effects. However, women subjects noted a significant increase in many different symptoms including light-headedness (P < 0.0001), lack of ability to concentrate (P < 0.0001), loss of balance (P < 0.01), nausea (P < 0.002), and dizziness (P < 0.01). Vestibular symptoms (light-headedness, loss of balance, dizziness, and tinnitus combined) occurred in 70.4% of the women taking minocycline as contrasted with only 9.5% on placebo, a markedly significant (P < 0.0001) increase. It was also evident that women taking minocycline had significantly Table 3 demonstrates that there was a significant (P < 0.02) fall in the white blood counts of the male volunteers taking minocycline compared with those of the men in the placebo group. The women taking minocycline also showed a decrease in white blood counts, but this change was not significant when compared with those of the women in the placebo group. Minocycline serum concentrations 1, 2, 4, and 6 h after the ingestion of 100 mg of drug revealed a peak at 2 h (Fig. 1) . Serum concentrations demonstrated a progressive increase from day 1 to day 5, and the difference between day 1 and 5 was significant (P < 0.001). The mean peak concentration (2 h) for all 3 days in women versus men was significantly different with a higher mean for the women of 3.40 ± 0.33 standard error of the mean ug/ml and a mean for the men of 2.45 ± 0.25 standard error of the mean ,ug/ml (P < 0.05). Correlation of body surface area versus serum concentrations of minocycline revealed an inverse correlation of surface area to serum concentration (P = 0.01, Pearson correlation coefficient of -0.6334).
All volunteers in the minocycline group had evidence of minocycline in their urine on a first morning specimen of day 5. Three volunteers in the placebo group also had evidence of antibiotic activity in their urine, but in only one of the volunteers was this activity marked. This volunteer was discovered to have taken rifampin on day 4 of the study after exposure to a patient with meningococcal meningitis. She Mean serum concentrations of minocycline in 12 volunteers on days 1, 3, and 5. These volunteers received 100 mg ofminocycline twice daily for the 5-day period, and the blood samples were obtained at 1, 2, 4, and 6 h after the ingestion of100 mg of minocycline. The marked increase in serum levels between day I and 3 is evident and is a reflection of the 13.5-h half-life of the drug. had no symptoms. The two other placebo urines with minimal antibiotic activity could not be explained.
Forty volunteers had screening ENGs prior to the study. All forty had normal bithermal water caloric tests. Twenty symptomatic volunteers had ENGs completed during the study period. Sixteen of the twenty volunteers had only one ENG during the 5-day study period, and four had multiple ENGs during that time. Four volunteers taking minocycline had abnormal ENGs, and all four demonstrated disorganized optikokinetic nystagmus, and three of the four improved in the posttreatment test. One volunteer demonstrated a hyperactive caloric response averaging 290 per s during the treatment phase returning to a normal average response of 18.90 per s after minocycline was stopped. Five volunteers taking minocycline had equivocal ENGs, three demonstrating slightly increased caloric responses and two manifesting equivocal slow spontaneous horizontal nystagmus. The remaining 11 volunteers had normal ENGs including the only individual on placebo. Abnormal ENG readings did not correlate well with neurological findings or severity of side effects, and several volunteers with the most severe vestibular symptoms had normal ENGs. There were too few volunteers who underwent both ENG and serum antibiotic concentration tests to correlate these two measurements.
DISCUSSION
Previous data on side effects produced by minocycline are confusing. Studies published in 1974 or before showed a low incidence of side effects with minocycline using a short prophylactic regimen (5, 7, 9, 12) . The incidence of side effects varied from 0% to 36% with very few vestibular symptoms (dizziness or light-headedness) reported. Reports from 1974 and later showed an incidence of side effects of 73% to 90%, and the majority were vestibular (3, 4, 6, 10, 15) . It is difficult to explain the change in the incidence, but differences between the earlier and later studies are apparent.
Most ofthe earlier studies were done in male, military personnel and were designed mainly to look at eradication of the meningococcal carrier state (5, 9, 15) . It is interesting that the study of Devine (5) showed an increase in the frequency of side effects in males when the dosage was increased from 200 mg per 24 (11) . In the U.S., using minocycline for meningococcal chemoprophylaxis, one group of observers also noted a higher reaction rate among women than among men, but the difference was not significant (11) .
Our data definitely establish that vestibular and other side effects are significantly increased in women taking minocycline. In men, only loss ofbalance was increased, and this was at a borderline level of significance (P < 0.05). It may be that a major explanation for the increase in side effects observed with minocycline is due to the more extensive use in women and also to the greater attention now being paid to side effects.
We observed significantly higher serum concentrations of minocycline in women and feel this may be the explanation for their higher incidence of side effects. The women's higher serum levels are probably related to their smaller size. An analysis of the inverse correlation of body surface area with serum concentrations in the present study confrnmed an earlier report of significant differences between peak serum concentrations in men and women when related to body surface area (2) . Unfortunately, we determined antimicrobial serum concentrations in too few volunteers to permit an analysis of body surface and sex as independent factors affecting serum minocycline concentrations.
In the present study the men received a mean of 106 mg/M2 per day of minocycline, and the women received 124 mg/M2 per day. Recalculation of a female dosage regimen using the male dose of 106 mg/M2 per day would yield a mean daily dose in women of 170 mg/day. It is not presently known whether reducing the dose in women would decrease the vestibular side effects.
The degree of leukopenia observed in the men in this study was slight but significant. Leukopenia has been associated with tetracycline administration but is rare (13) .
The onset of symptoms in the symptomatic volunteers differs from other studies, which reported a high frequency of symptoms within the first 24 h (3, 10) . Only 6% of our volunteers had the onset of their symptoms in the first 24 h with the onset occurring most often (70%) between the second and third day. The time of onset may be related to the fact that minocycline serum concentrations increased markedly from day 1 to day 3 ( Fig. 1) as would be expected with a drug with a half-life of 13.5 h (2). Most symptoms appear to wane by 48 h (75%) after stopping minocycline, which is in agreement with other studies (10, 15) . However, six volun-ANTIMICROB. AGENTS CHEMOTHER. teers had persistence of symptoms for 3 days or more after stopping the medication, and these were the volunteers with the most severe side effects. In two recent studies, a majority of those with symptoms could not complete the course of minocycline because ofside effects (10, 15) . In our study, only four volunteers in the minocycline group and two volunteers in the placebo group could not complete their medication because of vestibular side effects.
Minocycline has been shown to give levels in canine brains that are higher than doxycycline, tetracycline, or oxytetracycline, and this is probably due to its higher lipid solubility (1). This finding is ofinterest in view ofthe vestibular side effects. We used the ENG in hopes of objectively evaluating the vestibular symptoms, but ENG abnormalities were subtle and inconsistent. Forty-seven percent of symptomatic volunteers on minocycline demonstrated normal ENGs. Unfortunately, the ENG did not correlate well with severity of vestibular symptoms; several volunteers with severe symptoms had normal ENGs. The side effects may still be related to the brain levels of minocycline, but minocycline may affect cerebral areas to which the ENG is insensitive. The value of the ENG in predicting ENG abnormalities and the rapid return to normal suggests that the insult to the vestibular system is transient and not particularly severe.
The high frequency of vestibular side effects which we observed in women would argue against the use of minocycline for meningococcal prophylaxis (9) . These symptoms might easily confuse the physician looking for the subtle early changes of meningococcal meningitis in the exposed patient. We would agree with the U.S. Public Health Service that rifampin should be used presently until another alternative prophylactic antibiotic is available (10) .
